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(54) Method for communicating data in a remote tire pressure monitoring system 


(57) A method and apparatus for communicating 
data in a remote tire pressure monitoring system (10) 
which includes a plurality of transmitters (1 2) associated 
. with tires (T(1). T(2), T{3). and T(4)) of a vehicle (V) and 
a receiver (14) in radio communication with the plurality 
of transmitters. At each tire, data is collected (82). the 
data being representative of a tire characteristic, such 
as tire pressure. Data representative of the tire charac- 
teristic is transmitted (86). After a time delay (94, 96) 
next data are transmitted (98) until a predetermined 
number of data words have been transmitted. The time 
delay for each respective data word is defined accord- 
ing to a repeating pattern common to the plurality of 
tires so that data words are transmitted during a plurality 
of aperiodic time windows. 
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Description 

[0001 ] The present invention relates to a method for 
communicating data in a remote tire pressure monitor- 
ing system. 

[0002] Remote tire pressure monitoring systems 
have been developed using radio technology for provid- 
ing centralized tire pressure information to an operator 
of a vehicle. Such systems typically include a plurality of 
sending units or transmitters associated with the tires of 
a vehicle, such as an automobile, tuck or other wheeled 
vehicle along with a receiving unit The transmitters 
measure a tire characteristic such as tire air pressure, 
and communicate data corresponding to the tire charac- 
teristic to the receiver. The receiver takes some action in 
response to the data, such as providing an alarm or pro- 
viding a display indicative of the tire characteristic, for 
the operator of the vehicle. 

[0003] One problem evident in such a system is 
clashing of data at the receiver. If two transmitters trans- 
mit data at the same time, a clash can occur, in which 
case the receiver is unable to reliably decode the two 
transmissions. Any overlap of two transmissions from 
sending units can prevent reception of data from both 
sending units. 

[0004] One known solution involves interrupting 
transmission of data during selected repeating time 
periods at each transmitter. The total transmission time 
is divided into a number of sections, such as ten. During 
selected sections, for example, two of the ten, transmis- 
sion is suspended to provide a quiet time when data 
from other sending units may be transmitted and 
received successfully. If the quiet times of three of four 
sending units align during a time when the fourth send- 
ing unit is transmitting, no clash will occur. If two trans- 
missions from the same sending unit are decoded and 
are identical, the data is considered valid and reliable. 
[0005] While this technique has been acceptable, it 
would be advantageous to further limit clashing to more 
reliably and more quickly communicate tire characteris- 
tic information to the vehicle operator. Accordingly, there 
is a need for an improved method and apparatus for 
transmitting data in a remote tire pressure monitoring 
system which reduces clashing of data. 
[0006] The present invention is directed to a 
method for transmitting data in a remote tire pressure 
monitoring system. One embodiment of the system 
includes transmitters located at each tire of a vehicle 
and a receiver mounted on the vehicle. 
[0007] By way of introduction, the method includes 
collecting data on a tire characteristic at tires of a vehi- 
cle. The data are formatted and transmitted by the 
transmitter according to a predefined protocol. In one 
embodiment, each transmitter sends the data during a 
sequence of aperiodic time windows. Because the time 
windows are aperiodic, the likelihood of simultaneous or 
overlapping transmission by two or more transmitters is 
reduced. In another embodiment, each transmitter waits 


a variable time delay before beginning its transmission 
of data. Because the transmitters begin transmitting at 
differing times, the likelihood of overlapping transmis- 
sion by two or more transmitters is reduced. 
5 [0008] The foregoing description of the present 
invention has been provided only by way of introduction. 
Nothing in this section should be taken as a limitation on 
the following claims, which define the scope of the 
invention. 

10 [0009] The following is a description of some spe- 
cific embodiments of the invention, reference being 
made to the accompanying drawings, in which: 

FIG. 1 is a block diagram of a remote tire pressure 

is monitoring system; 

FIG. 2 is a timing diagram illustrating data transmis- 
sion by the transmitter of FIG. 2; 
FIG. 3 is a series of timing diagrams showing an 
example of word and bit structure for data transmit- 

20 ted in accordance with the timing diagram of FIG. 2; 
FIG. 4 is a block diagram of a transmitter for use in 
the remote tire pressure monitoring system of FIG. 
1;and 

FIG. 5 is a flow diagram illustrating a method for 
25 operating the transmitter of FIG. 2. 

[001 0] Turning now to the drawings, FIG. 1 shows a 
block diagram of a vehicle V that includes in this exam- 
ple four tires. The vehicle V includes a remote tire pres- 

30 sure monitoring system 10 that, in this example, 
includes four sending units or transmitters 12 and a 
receiving unit 1 4. Each of the transmitters 1 2 includes a 
battery powered, radio frequency (RF) transmitter that 
periodically transmits RF signals indicative of pressure 

35 or other tire characteristic of the associated tire. In this 
example, the tires are labelled T(1), T(2), T(3), T(4), and 
the associated tire pressures are identified as P(1), 
P(2), P(3), P(4). Structure and operation of the transmit- 
ters 12 will be described in further detail in connection 

40 with FIG. 4. The receiving unit 14 receives RF signals 
from the transmitters 12 and provides a warning to the 
operator of the vehicle V when the indicated tire pres- 
sure of any of the tires is outside a predetermined 
range. 

45 [0011] FIG. 2 is a timing diagram illustrating a 
method for transmitting data in a remote tire pressure 
monitoring system, such as the system 10 illustrated in 
FIG. 1. FIG. 2 includes two waveforms, including a first 
waveform 20 illustrating data transmission from a first 

so sending unit or transmitter of the remote tire pressure 
monitoring system and a second waveform 22 illustrat- 
ing data transmission from a second transmitter of the 
remote tire pressure monitoring system. FIG. 2 illus- 
trates one block or frame of transmitted data. Each 

55 block or frame includes transmission of eight words of 
data during eight respective time windows. Blocks are 
preferably repeated at a repetition rate or update fre- - 
quency. The update frequency may be selected to be on 
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the order of seconds, minutes or hours, or any other 
suitable rate. Also, as will be discussed below, the 
update frequency may be varied depending on the 
mode of operation of the tire including the transmitter, 
such as stationary or rolling. 5 
[0012] In the illustrated embodiment, data repre- 
sentative of a tire characteristic, such as tire pressure 
data, are transmitted in a pattern represented by the 
waveforms of FIG. 2. Preferably, identical data words 
are transmitted during sequential time windows. Thus, 10 
the first transmitter transmits a data word during a time 
window 24 of the waveform 20, retransmits the data 
word during a subsequent time window 26, retransmits 
the data word during a subsequent time window 28, etc. 
Similarly, the second transmitter transmits a data word is 
during a first time window 30, retransmits the data word 
during a second time window 32, retransmits the data 
word during a third time window 34, etc. In this manner, 
data are repeatedly transmitted by each of the sending 
units or transmitters in the system to increase the likeJi- 20 
hood that the receiver will receive and decode the data . 
without clashing. 

[0013] During each time window, a transmitter 
transmits a data word during a transmit time, when the 
transmitter actively transmits data, followed by a varia- 2s 
ble duration silent time, when the first transmitter does 
not transmit. This continues until a predetermined 
number of data words have been transmitted. In the 
illustrated example, the transmit time during all time win- 
dows is uniformly 24.7 ms. This time is determined by 30 
the composition and duration of the transmitted word, 
which will be described in further detail below in con- 
junction with FIG. 3. Other word composition and timing 
may be used as well. For the waveform 20, the time win- 
dow 24 includes a transmit time 36. The reminder of the 35 
time window 24 is silent time. Similarly, the time window 
26 includes a transmit time 38 followed by a silent time 
until the start of a transmit time 40 of the time window 
28. For the second waveform 22, the time window 30 
includes a transmit time 42 followed by a silent time. The 40 
next time window 32 includes a transmit time 44 fol- 
lowed by a silent time and the time window 34 includes 
a transmit time 46 followed by a silent time. The 
reminder of the time windows of both the waveform 20 
and the waveform 22, used by the first transmitter and 45 
the second transmitter in the remote tire pressure mon- 
itoring system, respectively, are structured similarly 
[0014] As is illustrated in FIG. 2, time windows for 
data transmission from each sending unit are aperiodic. 
While the time windows occur sequentially, their spac- so 
ing in time is not defined by a regular periodicity. Rather, 
the start of successive time windows is timed in 
response to a predetermined duration code. The prede- 
termined duration code used to define the waveform 20 
is illustrated in FIG. 2 adjacent to the waveform 20. The ss 
code used in this example is 68664444. Similarly, the 
predetermined duration code used to define the wave- 
form 22 is illustrated in FIG. 2 next to the waveform 22. 


This code is 44686644. Each transmitter stores a local 
copy of this code so that the code is common to all tires 
of the vehicle. 

[001 5] The timing of each time window is measured 
using the predetermined duration code. For example, 
referring to waveform 20 of FIG. 2, the first time window 
24 has a duration of 0.15 seconds. This duration is set 
by multiplying the first element of the predetermined 
duration code, 6, by a time unit, in this example 25 ms. 
Any other suitable time unit may be chosen. The subse- 
quent time window 26 has a duration of a 8 x 25 ms = 
0.2 seconds. Similarly, the next time window 28 has a 
duration 6 x 25 ms = 0.15 seconds. Thus, the start of 
successive time windows is timed in response to the 
predetermined duration code. Since the transmit time of 
each time window has a uniform length, 24.7 ms in this 
example, the duration of the silent time is similarly timed 
in response to the predetermined duration code. 
[0016] In the illustrated embodiment, the predeter- 
mined duration code is common to all the transmitters in 
the remote tire pressure monitoring system. However, 
each transmitter in the system is set to begin at a differ- 
ent location in the code. Thus, the first transmitter hav- 
ing a timing diagram illustrated as waveform 20 begins 
operating using the code 686... for timing the transmis- 
sion time windows. The second transmitter having a tim- 
ing diagram illustrated by waveform 22 begins by using 
the code 446... for timing transmission time windows. 
Over multiple repetitions of the code, the transmissions 
from the transmitters follow the same pattern. However, 
because of use of different starting points in the code at 
each transmitter, the transmissions from any plurality of 
transmitters will not be synchronized, reducing the like- 
lihood of clashing of those transmissions at the receiver. 
[001 7] In the illustrated embodiment the same data 
word or words are transmitted during each time window. 
In alternative embodiments, however, data may be 
updated, for example by taking an additional tire pres- 
sure measurement. Updated data are then transmitted 
in subsequent data words, using the predetermined 
duration code for timing the time windows of transmis- 
sion. Thus, after data representative of a tire character- 
istic have been collected, a data word is transmitted in 
response to the data during the active time of the first 
time window. After a time delay, which is defined at least 
in part by a repeating pattern such as the predeter- 
mined duration code, a next data word is transmitted at 
the beginning of the subsequent time window. The 
steps of transmitting a data word and, after a time delay, 
transmitting a next data word are repeated for a prede- 
termined number of data words, such as eight data 
words. The time delay for each respective data word is 
defined according to the repeating pattern. As noted 
above, the repeating pattern is preferably common to 
the plurality of tires by using the same code at the differ- 
ent tires. However, a different pattern may be used. The 
duration code or repeating pattern illustrated in the 
drawing has been determined by simulation to be bene- 


35 


40 


45 


so 


3 


5 


EP1026 016 A2 


6 


ficial at reducing clashing of data at a receiver in a 
remote tire pressure monitoring system. However, other 
patterns may be used for transmitting data words 
responsive to collective data during a plurality of aperi- 
odic time windows. 

[001 8] FIG. 3 illustrates exemplary word and bit for- 
matting for use in the data transmission technique illus- 
trated in FIG. 2. In FIG. 3, a waveform 50 shows an 
exemplary word 52 which consists of 45 bits of informa- 
tion. The word 52 includes a four bit start code followed 
by a single bit, five bits defining a function code, again 
followed by a single bit followed by 34 additional data 
bits. The 34 data bits are distributed between a 24 bit 
unique identification code (ID) and 8 bits representative 
of a tire characteristic such as air pressure measured by 
the sending unit which transmits the word. The 24-bit 
unique identification code is used to identify the tire 
associated with the reported tire characteristic. Also, a 
two-bit check sum is included to verify reliably reception 
of the word. 

[0019] Also in FIG. 3, a waveform 54 and a wave- 
form 56 illustrate the structure of bits defining a logical 0 
and a logical 1 , respectively. The illustrated embodiment 
uses pulse width modulation (PWM) to transmit data. 
Exemplary bit width and data rate details are provided in 
FIG. 3 for one embodiment of the present invention. 
[0020] It should be noted that the word structure 
and bit structure illustrated in FIG. 3 are exemplary only 
and are not required for successful operation of a sys- 
tem employing the present invention. Alternative 
embodiments may be employed successfully. For exam- 
ple, rather than employing a pulse width modulation pro- 
tocol, a Manchester coding protocol may be used for 
reliable transmission of data. Such alternative embodi- 
ments may be chosen to provide a faster data commu- 
nication rate or reduced power consumption in the 
sending unit transmitting the data. 
[0021] FIG. 4 shows a block diagram of a sending 
unit for a transmitter 12 for use in the remote tire pres- 
sure monitoring system 10 of FIG. 1 . The transmitter 1 2 
includes a pressure sensor 60, a controller 62, a roll 
switch 64, a learn switch 66, a radio frequency (RF) cir- 
cuit 68 and an antenna 69, a clock 70, and a battery 72. 
The components of the transmitter 12 are contained 
within a housing 74. The transmitter is intended to be 
mounted on or within a tire of a vehicle for detecting a 
characteristic of the tire and transmitting data represent- 
ative of the characteristic to a receiver such as the 
receiving unit 14 of the remote tire pressure monitor 
system 10 of FIG. 1. In the illustrated embodiment, the 
tire characteristic is air pressure of the tire. However, 
other tire characteristics may be measured, such as tire 
temperature, number of rotations of the tire, etc. 
[0022] The pressure sensor 60 forms a sensor for 
detecting an operating condition of the tire associated 
with the transmitter 12 and producing an indication at an 
output 76. In the illustrated, embodiment, the pressure 
sensor 60 is a pressure transducer which detects air 


pressure of the tire and produces either an analog sig- 
nal or digital data representative of the tire pressure at 
the output 76. 

[0023] The controller 62 controls operation of the 

5 transmitter 12. In the illustrated embodiment, the con- 
troller 62 is implemented as an application specific inte- 
grated circuit (ASIC). In alternative embodiments, the 
controller 62 may be implemented as a general purpose 
microprocessor or hard wired circuitry. The ASIC imple- 

10 mentation provides advantages of reduced size, weight, 
cost and power drain, which are all important design 
considerations for the transmitter 1 2. 
[0024] The controller includes various circuitry for 
receiving input signals, operating on the input signals 

is and providing output signals. In particular, the controller 
62 includes a data receiving circuit configured to receive 
the indication of the tire pressure from the output 76 of 
the pressure sensor 60. The data receiving circuit may 
be, for example, an analog to digital converter. Further, 

20 the controller includes a control circuit which formats 
data words in response to the indication for communica- 
tion to a remote receiver during a plurality of aperiodic 
time windows, for example as is illustrated in FIG. 2. Still 
further, the controller 62 includes a memory 78 coupled 

25 to the control circuit of the controller for storing data. 
[0025] The RF circuit 68 is coupled to the controller 
62 for RF transmission of data words to a remote 
receiver. This may be accomplished by any suitable 
method, for example modulation by the data words of a 

30 carrier signal, with the modulated carrier being 
impressed upon the antenna 69 for RF transmission of 
the data. 

[0026] The clock 70 provides a timing circuit cou- 
pled to the controller 62 to establish reference timing for 

35 the transmitter 1 2. The controller 62 is responsive to the 
reference timing for timing operation of the transmitter 
12. For example, the controller 62 formats data words 
for transmission during aperiodic time windows to a 
remote receiver. The controller 62 is responsive to refer- 

40 ence timing to space the aperiodic time windows in time 
according to a repeating pattern. In the illustrated exam- 
ple, the repeating pattern is stored in the memory 78 
and is, for example, the repeating pattern 68664444... 
illustrated in FIG. 2. Thus, in one exemplary ernbodi- 

45 ment, the controller 62 selects an element of the code 
which forms the repeating pattern from the memory 78. 
The controller 62 multiplies a time unit, such as a 25 ms, 
by the selected element, and, in response to reference 
timing established by the clock 70, times the start of a 

so subsequent time window. In this manner, the transmitter 
12 is configured to transmit a data word during a time 
window, wait a predetermined variable time defined at 
least in part by the repeating pattern, and transmit a 
next data word during a next time window. 

55 [0027] As noted, the codes which form the repeat- 
ing pattern are preferably stored in the memory 78. 
Alternatively, the codes may be calculated or deter- 
mined in any suitable manner. In the preferred embodi- 
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merit, the codes are stored in the memory 78 at the time 
of manufacture of the transmitter 12. Further, the start- 
ing point in the code used by the controller 62 when 
transmitting first data words is set randomly. This can be 
done by storing the code with a random starting location 
or by randomly selecting the starting point in the code at 
the controller 62. 

[0028] The roll switch 64 detects a rotational char- 
acteristic of a tire associated with the transmitter 12, 
such as rolling at a specified speed, and provides an 
indication when the rotational characteristic exceeds a 
predetermined threshold. In the illustrated embodiment, 
the roll switch 64 includes a reed switch which closes at 
a specified g force (he*, a multiple of the acceleration 
due to gravity). In response to closing of the roll switch 
64, the controller 62 responds by, for example, increas- 
ing the sampling and transmission rates of the transmit- 
ter 12. For example, in one embodiment, when a vehicle 
employing the transmitter 12 begins moving at a speed 
exceeding 30 km/h, the roll switch 64 closes. In 
response, the controller 62 reads the indication of air 
pressure provided by the pressure sensor 60 at an 
increased rate and closes the RF circuit 68 to transmit 
data words indicative of the air pressure also at an 
increased rate. In this example, when the vehicle is sta- 
tionary or moving at a speed below the threshold of 30 
km/h, the sample rate as determined by the controller 
62 is approximately one sample every 15 minutes. The 
transmission rate, also referred to as the update rate or 
update frequency, is approximately one transmission of 
eight identical data words every sixty minutes. After the 
roll switch 64 closes, the sample rate is increased by the 
controller 62 to one sample per 10 seconds and the 
transmission rate is increased to one transmission 
every one minute, increasing the update frequency. 
Thus the illustrated transmitter 12 provides an 
increased pressure monitoring mode with more fre- 
quent sampling and transmission when the vehicle is in 
motion. After the vehicle is again stationary and the roll 
switch 64 opens, the controller 62 reduces the sample 
and transmission rate. 

[0029] In one embodiment the roll switch 64 closes 
at a specified g force value which is selected from a 
range of values. In one example, the range of g force 
values varies from 6.1 to 12.2 times the acceleration 
due to gravity. The selected g force value for a particular 
roll switch 64 is set randomly during manufacture of the 
transmitter 12. In this manner, each of the respective 
transmitters 12 associated with the tire of a vehicle will 
employ differing g force values for activating the 
increased pressure monitoring mode. Since this mode 
corresponds to an increase in RF transmissions by the 
transmitter 12 as well as all other transmitters used by 
the vehicle, this mode will correspond to an increased 
likelihood of clashing at the receiver. By spreading the a 
range of g force values at which the transmitters switch 
to the increased pressure monitoring mode, the likeli- 
hood of clashing or word collision at the receiver is 


decreased. 

[0030] Referring now to FIG. 5 it shows a flow dia- 
gram illustrating a method for transmitting data in a 
remote tire pressure monitoring system. The method 

5 begins at step 80. 

[0031] At step 82, data representative of a charac- 
teristic of a tire are collected. For example, pneumatic 
air pressure, temperature or other physical characteris- 
tic of the tire may be measured. At step 84, which is 

io shown in dashed lines to indicate rt is an optional step, 
the method includes waiting a variable delay time before 
step 86, transmitting data. Preferably, the variable delay 
time is different from variable delay time used by other 
transmitters in the remote tire pressure monitoring sys- 

15 tern. In this manner, the likelihood of word collision or 
clashing upon reception at a receiver in the system is 
reduced. At step 86, data are transmitted using any suit- 
able data transmission technique. 
[0032] At step 88, a first delay time is determined. In 

20 the illustrated embodiment, the first delay time is illus- 
trated using a first data element of a repeating pattern 
contained in a memory 90 or other storage location. A 
pointer 92 points to the current clement of the repeating 
pattern to be used for determining the delay time. In the 

25 illustrated embodiment, the repeating pattern includes a 
. plurality of integer numbers, such as the exemplary pat- 
tern 68664444. One integer number of a plurality of inte- 
ger numbers is selected in sequence for combination 
with a time unit, such as a standard time duration. Upon 

30 exhaustion of the sequence, the pointer returns to a first 
element of the repeating pattern and the sequence is 
repeated. In other embodiments, other techniques may 
be used for establishing the repeating pattern 
[0033] After determining the first delay time, the 

35 method, at step 94 and step 96 enters a loop to await 
elapse of the first delay time. If the first delay time has 
elapsed, the method proceeds to step 98 where next 
data words are transmitted. Transmission may be by 
any suitable method for reliable reception of the data 

40 words. 

[0034] At step 1 00, a next delay time is determined 
using a next data element of the repeating pattern 
stored in the memory 90. For example, the pointer 92 is 
incremented to point to the next data element After 

45 determining the next delay time, the method enters a 
loop including step 102 and step 104 to await the dura- 
tion of the next delay time. After the next delay time has 
elapsed, step 104, next data words are transmitted, at 
step 106. At step 108, the method determines if all data 

so words designated for transmission have been sent. For 
example, a predetermined number of data words, such 
as 8 data words, may be transmitted together as a 
block. If all data words have not yet been sent, control 
returns to step 100 to set a next delay time using the 

55 predetermined pattern contained in the memory 90. 
Instead if all data words have been sent the method 
ends at step 110. 

[0035] As can be seen from the foregoing, the pre- 
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ferred embodiment provides a method and apparatus 
for transmitting data in a remote tire pressure monitor- 
ing system. The system includes a plurality of transmit- 
ters associated with tires of a vehicle and a receiver in 
radio communication with the plurality of transmitters. At 5 
each of the transmitters, data representative of a tire 
characteristic is collected and formatted for transmis- 
sion to the receiver. Each transmitter transmits data 
words during a plurality of aperiodic time windows. The 
aperiodic time windows tend to randomize the time of w 
transmission of the data words from each of the respec- 
tive transmitters. This reduces the likelihood of coinci- 
dent reception of data words at the receiver and 
therefore improves the likelihood of accurate, reliable 
reception of data at the receiver. 15 
[0036] While a particular embodiment of the 
present invention has been shown and described, mod- 
ifications may be made. For example, different tire char- 
acteristics may be monitored and reported to the 
receiving unit. Also, in another modification, instead of 20 
varying the duration of the time windows of transmis- 
sion, the silent time when a transmitter does not trans- 
mit may be varied. It is therefore intended in the 
appended claims to cover all such changes and modifi- 
cations which follow in the true spirit and scope of the 25 
invention. 

Claims 

1 . A method for transmitting data in a remote tire pres- 30 
sure monitoring system, the method comprising 
steps of: 

at each tire of a plurality of tires of a vehicle, 
collecting data representative of a tire charac- 35 
teristic; and 

transmitting data words responsive to the data 
during a plurality of aperiodic time windows. 

2. The method of claim 1 wherein transmitting data 40 
words comprises transmitting a data word during a 
transmit time followed by a variable duration silent 
time until a predetermined number of data words 
have been transmitted. 

45 

3. The method of claim 2 further comprising the step 
of timing duration of the silent time in response to a 
predetermined duration code. 

4. The method of daim 1 further comprising the step so 
of timing start of successive time windows in 
response to a predetermined duration code. 

5. The method of claim 4 wherein the predetermined 
duration code is common to the plurality of tires of ss 
the vehicle. 

6. The method of claim 1 wherein transmitting data 


words comprises transmitting identical data words 
during sequential time windows. 

7. The method of claim 1 further comprising the step 
of, at each tire, waiting a variable time delay after 
collecting the data before transmitting the data 
words, the variable time delay at each tire differing 
from the variable time delay at other respective 
tires. 

8. The method of claim 1 wherein the steps of collect- 
ing data and transmitting data are repeated accord- 
ing to an update frequency having a period much 
longer than duration of the aperiodic time windows. 

9. The method of claim 8 further comprising the steps 
of: 

at each tire, detecting a signal indicative of 
vehicle speed; and 

when the signal exceeds a threshold, varying 
the update frequency, the threshold at each tire 
differing from the threshold at other respective 
tires. 

10. The method of claim 1 wherein the data are indica- 
tive of air pressure of the tire. 

1 1. A method for transmitting data in a remote tire pres- 
sure monitoring system, the method comprising the 
steps of: 

(a) at each tire of a plurality of tires of a vehicle, 
collecting data representative of a tire charac- 
teristic; 

(b) transmitting a data word in response to the 
data; 

(c) after a time delay, transmitting a next data 
word; and 

(d) repeating steps (b) and (c) for a predeter- 
mined number of data words, the time delay for 
each respective data word defined according to 
a repeating pattern common to the plurality of 
tires. 

12. The method of claim 1 1 further comprising the step 
of: 

repeating steps (a) through (d) at an update 
frequency. 

13. The method of claim 11 further comprising the 
steps of: 

determining the time delay as a product of a 
time unit and a selected element of the repeat- 
ing pattern; and 

for subsequent words, determining the time 
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delay as a product of the time unit and a 
sequentially selected element of the repeating 
pattern. 

14. The method of claim 13 further comprising the 
steps of, at each tire, upon initiation of operation, 
selecting as a first selected element a different ele- 
ment of the repeating pattern. 

15. A method for interference-free communication of 
data in a remote tire pressure monitoring system 
including a plurality of transmitters associated with 
tires of a vehicle and a receiver in radio communi- 
cation with the plurality of transmitters, the method 
comprising the steps of: 

(a) at each transmitter, establishing a repeating 
pattern of data elements, the repeating pattern 
being common to each transmitter; 

(b) collecting data representative of a tire char- 
acteristic of an associated tire; 

(c) transmitting first data words in response to 
the data; 

(d) at each transmitter, determining a first delay 
time using a first data element of the repeating 
pattern, the first data element at each transmit- 
ter being different from first data elements at 
other transmitters; 

(e) at each transmitter, 

(e 1 ) waiting the first delay time, 

(e2) transmitting next data words, 

(e3) determining a next delay time using a 

next data element of the repeating pattern, 

(e4) repeating steps (d), (c2) and (c3) 

until a predetermined number of data 

words has been transmitted; and 

(f) at the receiver, receiving without interfer- 
ence at least some data words and next data 
words from each of the plurality of transmitters. 

16. The method of claim 15 wherein determining the 
first delay time comprises: 

selecting the first data element; and 
producing the first delay time as a product of 
the first data element and a time unit. 

17. The method of claim 16 wherein the determining 
the next delay time comprises: 

selecting the next data element; and 
producing the next delay time as a product of 
the next data element and the time unit. 

18. A transmitter for use in a tire pressure monitoring 
system of a vehicle, the transmitter comprising: 


a sensor for detecting an operating condition of 
a tire associated with the transmitter and pro- 
ducing an indication; and 
a controller coupled to the sensor and includ- 
s ing: 

a data receiving circuit configured to 
receive the indication, and 
a control circuit which formats data words 
w for communication to a remote receiver 

during a plurality of aperiodic time win- 
dows. 

19. The transmitter of claim 18 further comprising a 
is radio frequency (RF) circuit coupled to the control- 
ler for RF transmission of the data words to the 
remote receiver. 

20. The transmitter of claim 18 further comprising a tim- 
20 ing circuit coupled to the controller to establish ref- 
erence timing, the controller being responsive to 
the reference timing to space the time windows in 
time according to a repeating pattern. 

25 21 . The transmitter of claim 20 wherein the transmitter 
is configured to transmit a data word during a time 
window, wait a predetermined time defined at least 
in part by the repeating pattern, and transmit a next 
data word during a next time window. 

30 

22, The transmitter of claim 21 further comprising a 
memory coupled to the control circuit for storing 
data defining the repeating pattern. 

35 23. The transmitter of claim 21 wherein the repeating 
pattern comprises a plurality of integer numbers 
and wherein the control circuit includes a logic cir- 
cuit configured to combine selected ones of the plu- 
rality of integer numbers with a time unit to establish 

40 the predetermined time. 

24. The transmitter of claim 23 wherein the control cir- 
cuit selects in sequence one integer number of the 
plurality of integer numbers for combination with the 

45 time unit, and, upon exhaustion of the sequence, 
repeats the sequence. 

25. A method for communicating data in a remote tire 
pressure monitor system, the system including a 

so plurality of transmitters associated with tires of a 
vehicle and a receiver configured to receive infor- 
mation from the plurality of transmitters, the method 
comprising the steps of: 

55 at each transmitter, collecting data representa- 

tive of a characteristic of a tire associated with 
the transmitter at a data collection time; 
waiting a variable delay time which is different 
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from variable delay times at other transmitters 
of the plurality of transmitters; and 
transmitting data words in response to the data 
after the variable delay time has elapsed to 
reduce clashing of data words at the receiver, s 

26. A method for communicating data in a remote tire 
pressure monitor system, the system including a 
plurality of transmitters associated with tires of a 
vehicle and a receiver configured to receive infor- 10 
mation from the plurality of transmitters, the method 
comprising the steps of; 

at each transmitter, collecting data representa- 
tive of a characteristic of a tire associated with is 
the transmitter at a data collection time: 
transmitting data words responsive to the data 
at an update frequency; 
detecting a rotational characteristic of a tire 
associated with each transmitter; 20 
when the rotational characteristic exceeds a 
variable threshold which is different for at least 
some transmitters of the plurality of transmit- 
ters, varying the update frequency to reduce 
clashing of data words at the receiver. 25 

27. The method of claim 26 wherein the step of detect- 
ing the rotational characteristic comprises detecting 
a force due to acceleration of the tire. 

30 

28. The method of claim 27 wherein the variable 
threshold for each transmitter is selected at time of 
manufacture of the plurality of transmitters. 

29. The method of claim 28 wherein the variable 35 
threshold is selected to fall within a predetermined 
range of thresholds. 
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